(19) 



J 



Europilsches Patentamt 
European Patent Office 
Office europten des brevets 



(12) 



(11) EP 1 158 506 A1 

EUROPEAN PATENT APPLICATION 



(43) Date of publication: 

28.11^001 Bulletin 2001/48 

(21) Application number 01112746.1 

(22) Date of fffing: 25.OS.2001 



(51) tntCI.7: G11B 7/24, C23C 14/06 



(84) Designated Contracting States: 


(72) Inventors: 


ATBECH CY DE DKES Fl PR GB GR IE ITLILU 


• Nakamura, YukI c/o Ricoh Company, Ltd. 


MC NLPTSETR 


Tokyo 143-8555 (JP) 


Designated Extension States: 


• Kato, MasakI c/o Ricoh Company, Ltd. 


ALLTLVMK RO SI 


Tokyo 143-8555 (JP) 


(30) Priority: 25.05.2000 JP 2000155389 


(74) Representative: Barz, Peter : 




Kaiserpiatz 2 : .. 


(71) Applicant: Ricoh Company 


. 80803 MQnchen (DE) v . . 


Tokyo 143-8555 (JP) 









(54) Optical recording medium and sputtering tariget for fabricatlhg the recording medium 



(57) An optical recording medium is provided with a 
recording layer made of a phase-change recording ma- 
terial including Ag, In, Sb, and Te as the main constituent 
elements, with the respective atomic percepts of a, b, c, 
and d thereof being in the relationship of 6.1 ^ a ^ 5, 5 
^ b ^ 13, 62 ^ c £ 73, 22 ^ d ^ 26. and a + b + c -f d ^ 



97. Alternatively, the recording material includes the 
constituent elements of Ag, In, Sb, Te, and Ge, with the 
respective atomic percents of a, b, c, d, and e thereof 
being in the relationship of 0.1 ^ a ^ 5. 5 ^ b ^ 1 3, 62 £ 
c S 73, 22 5 d 5 26, 0.3 S e*^ 3, and a + b + c + d + ei 
97. A sputtering target for forming the recording layer is 
also disclosed. 
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Description 

Field of the Invention 

[00011 The present invention relates to an optical recording medium suitable for application to optical memory de- 
vices, in particular, a rewritable compact disk (CD-rewritable). More specifically, the present invention relates to a 
phase-change optical recording medium comprising a recording material in a recording layer thereof , which recording 
material is capable of causing a change In the ph ase thereof by the application of a light beam thereto, thereby recording, 
reading, erasing, and ovenvriting Infonnatlon therein. 

[0002] In addition, the present invention also relates to a sputtering target for fabricating a recording layer of the 
above-mentioned optical recording medium. 

Discussion of Background 

[0003] A phase-change optical recording medium utilizing the phase changes between a crystalline phase and an 
amorphous phase or between one crystalline phase and another crystalline phase is well Icnowh as one of the optical 
recording media capable of recording, reading, and erasing infonnatlon by the application thereto of electromagnetic 
waves, such as a laser beam. 

[0004] This kind of phase-change optical recording medium enables the ovenwriting of infonnatlon to be perfonned 
using a single beam, while it is difficult for the magneto-optical memoiy to conduct such an oveiwriting operation. An" 
optical system of a drive unit for the phase-change optical recording medium can be made simpler than that for a 
magneto-optical recording medium, iso thar research and developrhent of the phase-change optfcal recording medium 
has been actively conducted recent years. 

[0005] /As disclosed In U.S.. Patent No. 3,530,441 , chalcogen-based alloysVsOch as Ge-Te,~Ge-te-isn, Ge-Te-S, Ge- ' 
•Se-S, Ge-Se-Sb, Ge-As-Se. In-Te, Se-Te, and Se-As are conventionally used as recording niaterials for the phase- 
change optical recording medium. 

[0006] In addition, It is proposed to add an element of Au to the above-mentioned Ge-Te based alloy to Improve the 
stability and to increase the rate of crystallization of the recording material as disclosed in Japanese Laid-Open Patent 
Application 61-219692. Furthemnore, the addition of Sn and Au to the Ge-Te based alloy, and the addition of Pd to the 
same are respectively proposed in Japanese Uld-Open Patent Applications 61 -2701 90 and 62-1 9490 for the same 
purposes as mentioned above. Furthennore, Ge-Te-Se-Sb and Ge-Te-Sb materials with the specific composition ratios 
of the constituent elements are proposed In order to Improve the recording and erasing repetition properties, as re- 
spectively disclosed in Japanese Laid-Open Patent Applications 62-73438 and 63-228433. 

[0007] However, none of the jaboye-mentioned conventional optical recording media satisfies.,all the requirements . 
for the rewritable phase-change optical memory medium. In particular, improvenrient of rebording and erasing sensi-* 
tivlties, prevention of a decrease in erasability that results from imperfect erasure at the time of ovenvriting operation, 
and e)rtensipnof the life of a recorded portion and a non-recorded.portlon are the:most significant problems to be solved. 
[0008] A recording medium Is proposed In Japanese Laid-Open Patent Application 63-251290, which Is provided 
with a recording layer comprising a cornpourid of a multi-component system composed of substantially three or more 
components in a single crystalline phase. In this case, the recording layer lis defined as a layer comprising a compound 
of a multi-component system composed of three or more components with a stoichiometric composition, for example, 
ln3SbTe2, in an amount of 90 atom% or more. It Is mentioned that recording and erasing characteristics can be improved 
to some extent by the provision of this kind of recording layer. However, there are the shortcomings that the erasability 
Is low and the laser power necessary for recording and erasing cannot be sufficiently reduced. 
[0009] Furthermore, Japanese Laid-Open Patent Applteation 1 -277338 discloses an optical recording medium which 
comprises a recording layer comprising an alloy with a composition represented by fomiula of (Sbje, J^^jM^, wherein 
0.4 s a < 0.7, b ^ 0.2, and M is one element selected from the group consisting of Ag, Al, As, Au. Bi, Cu, Ga, Ge. In, 
Pb, Pt, Se, SI, Sn, and Zn. The basic system of the aforementioned alloy is SbgTea, a"cl the addition of a large excess 
of Sb to this composltlonin temre of atomic percentage achieves high-speed erasing perfomnance and improves the 
repetition properties. The addition of the element M can further enhance the high-speed erasing perfomiance. In ad- 
dition to the above advantages, this reference asserts that the erasability Is high when direct current (DC) light is used. 
However, this reference does not show any specific erasability obtained at the ovenArriting operation. According to the 
Investigation conducted by the Inventors of the present invention, imperfect erasure Is recognized in the course of the 
ovenvriting operation. Further, the recording sensitivity is insufficient. 

[001 0] Japanese Laid-Open Patent Applteatlon 60-1 77446 discloses an optical recording medium which comprises 
a recording layer comprising an alloy with a composition represented by the fomnula of (lni.xSbJi.yMy. wherein 0.55 
S X s 0.80. 0 s y S 0.20, and M Is one element selected from the group consisting of Au, Ag, Cu, Pd, Pt, Al, SI, Ge, Ga, 
Sn, Te. Se, and BI. Japanese Uld-Open Patent Application 63-228433 discloses a recording layer of an optical re- 
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cording medium, which comprises an alloy with a composition of GeTe-Sb2Te3-Sb (excess). However, any recording 
layers do not satisfy the requirements such as the sensitivity and the erasablllty. ^ 

[001 1 ] In addition, Japanese Laid-Open Patent Application 4-1 63839 discloses an optical recording medium, which 
is provided with a recording thin layer prepared by adding nitrogen to a Te-Ge-Sb alloy. A recording thin layer of a 

5 recording medium disclosed In Japanese Laid-Open Patent Application 4-521 88 is made of a Te-Ge-Se alloy, with at 
least one element of Te, Ge, or Se fonming a nitride. Japanese Laid-Open Patent Application 4-52189 discloses a 
recording thin layer that is made of a Te-Ge-Se alloy, with nitrogen atom being adsorbed thereby. 
[0012] However, any of these conventional optical recording media cannot exhibit satisfactory perfonnance. 
[0013] As mentioned above, to enhance tiie recording and erasing sensitivities, to prevent a decrease In erasability 

10 which Is caused by imperfect erasure in tiie overwriting operation, and to Increase the life of a recorded portion and 
that of a non-recorded portion are the most important research topics In the conventional phase-change optical re- 
cording media. 

[0014] With the rapid spread of a compact disk (CD), a write-once compact disic (CD-R) capable of writing data 
therein only orice has been developed and put on the marlcet However, even one error in the course of data recording 

19 makes the CD-R unavailable because It Is Impossible to correct the recorded data. There Is no choice but to discard 
such a disk. The practical use of a rewritable compact disk that can compensate the above-mentioned shortcoming is 
desired. 

[0015] For example, research and development of a rewritable compact disk has been conducted based on the 
rnagneto-optjcal recording disk. However, there are difficulties in perfomning the ovenvriting operation and ensuring 

20 the compatibility with the CD-ROM or CD-R. In contrast to this, a phase-change optical recording medium Is considered . 
to ensure the ciompatibility with the CD-ROM or CD-R more favorably in principle when compared with the above- . 
mentioned rewritable compact disk of a magneto-optical type, the applicatiori of the phase-change optical recording 

, .medium to me. rewritable compact disk has been thus actively researched and developed recent yeare. 
' [001(5]'7^^^^^ compact disk obtained from the phase-change optical disk are read/for instanbe; ' 

25 as Furuya et al:. "Proceedings of tiie 4th Symposium on Phase-Change Recording" p.70 (1992); Jinno et al., "Pro- ^ ' 
ceedings of the"4th Symposium on Phase-Change Recording" P76 (1992); Kawanishi et al., "Proceedings of the 4th 
Symposium on Phase-Change Recording" p.82 (1992); T. Handa et al., Jpn. J. Appl. Phys. 32 (1993) p.5226; Yoneda 
et al., "Proceedings of the S\h Symposium on Phase-Change Recording" p.9 (1 993); and Tominaga et al., "Proceedings 
of the 5th Symposium on Phase-Change Recording" p.5 (1993). However, none of the rewritable compact disks re- 

30 ported In the aforementioned references Is satisfactory with respectto the overall performance, such as the compatibility 
with CD-R, the recording and erasing pertomnance, the recording sensitivity, the permissible repetition number of over- 
writing times, the permissible repetition number of reading times, the shelf stability, and so on. Those drawbacks largely 
result from low erasablllty that is considered to be chiefly ascribed to the composition and the structure of a recording 
material employed in each compact disk. 

35 [0017] Under such present conditions, developnrtent of a phase-change recording material with high erasability, suit- 
able for recording and erasing with sensitivity is demanded, and in addition, a rewritable phase-change compact disk 
with high performance Is desired. 

[0018] To solve the aforementioned conventional problems, tiie inventors of the present Invention have proposed 
Ag-ln-Sb-Te based recording materials, for example, as disclosed In Japanese Laid-Open Patent Applteations 4-78031 

40 and 4-123551; H, Iwasaki et al., Jpn. J. Appl. Phys. 31 (1992)461; Ide etal., "Proceedings of the 3rd Symposium on 
Phase-Change Recording" p.102 (1991); and H. Iwasaki et al., Jpn. J. Appl. Phys. 32 (1993) 5241. 
[0019] It Is apparent that the phase-change optteal disks with remartcably significant perfomriance can be obtained 
by using the above-mentioned recording materials. However, still more endeavors should be made to complete the 
metiiod of fabricating a phase-change optical disk worthy to form a new market by securely ensuring the compatibility 

45 with the CD-R and perfectiy satisfying the previously mentioned overall perfonnance. 

SUMMARY OF THE INVENTION 

[0020] It is therefore a first object of the present invention to provide an optical recording medium whteh can appro- 
50 priately record information and erasing tiie same at a disk rotational linear speed ranging from 4 to 20 m/sec. 

[0021] A second object of the present Invention Is to provide a phase-change optical recording medium applicable 
to a rewritable compact disk. 

[0022] A third object of the present Invention is to provide a sputtering target for fabricating a recording layer of the 
above-mentioned optical recording medium. 
55 [0023] The above-mentioned first and second objects of the present Invention can be achieved by an optteai recording 
medium comprising a recording layer which comprises a phase-change recording material, capable of recording and 
erasing infonnation by utilizing changes in the phase of tiie phase-change recording material in the recording layer, 
the phase-change recording material comprising as constituent elements Ag, In, Sb, and Te with tiie respective atomic 
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percents of a, b, c. and d thereof being In the relationship of 0.1 S a S 5, 5 S b S 13, 62 S c S 73, 22 S d S 26, and a + 
b + c + d ^ 97. 

[0024] Alternatively, the first and second objects of the present invention can be achieved by an optical recording 
medium conprlsing a recording layer which comprises a phase-change recording material, capable of recording and 
erasing Infonnatlon by utilizing changes In the phase of the phase-change recording material In the recording layer, 
the phase-change recording material comprising as constituent elements Ag, In, Sb, Te. and Ge, with the respective 
atomic percents of a, b, c, d, and e thereof being in the relationship of 0.1 s a s 5, 5 ^ b s 13, 62 ^ c < 73, 22 ^ d < 26, 
0.3 5 e s 3, and a + b + c + d + e5 97. 

[0025] From the aspect of the structure of the optical recording medium, it is preferable that the above-mentioned 
optical recording medium comprise a substrate in the form of a dlslc. and a first dielectric layer, either of the previously 
mentioned recording layers, a second dielectric layer, a metal layer, and a UV-curing resin layer, which are overiald 
on the substrate in this order. 

[0026] In any case, it is preferable that the thickness of the first dielectric layer be in the range of 20 to 200 nm; the 
thickness of the recording layer, 1 0 to 50 nm; the thickness of the second dielectric layer, 1 5 to 40 nm, and the thickness 
of the metal layer.'SO to 200 nm. 

[0027] Further, it is preferable that the atomic percents c and d of the elements Sb and Te satisfy the relationship of 
8B<c + d<97. . . . ■ ■ 

[0028] In any of the optical recording media, It Is preferable that the metal layer comprise an Al alloy comprising Al 
and at least one element selected from the group consisting of Ta, 71, Cr, and Si in an amount of 0.3 to 2.5 wt.%. 

; [0029] Altemat^eiy. It Is preferable that the metal layer comprise Ag and at least one element selected from the 
group consisting of Au. Pt, Pd. Ru. Tl, and Cu In an amount of 0 to 4 wt.%^^ 

. [0030] . .:The third object of the present invention can tie achieved by a' sputteririg target co^^^ target material 

comprising, as constituerit 'elements Ag, In, Sb, and Te, with the respective atomic percents (atom.%) of a, b. c, and d 

.-thereof being:in-the. relationship. of 0.1 < a s 6; 4 < b ^14, 61 5 c is 74, 21 kd k 27, and a + b¥ c + d ^ 97."^ " ' - " • 

•[0031] Alternatively, the third object of the present Invention can be lachleved by a sputtering target comprising a 
target material comprising as constituent elements Ag, In, Sb, Te, and Ge, with the respective atomic percents (atom. 
%) of a, b, c, d, and e thereof being in the relationship of 0.1 s a ^ 6. 4 ^ b ^ 14, 61 s c s 74, 21 S d s 28, 0.3 ^ e ^ 4, 
and a + b -f c -f d 4- e ^ 97. 

BRIEF DESCRIPTION OF THE DRAWING 

[0032] A more complete appreciation of the Invention and many of the attendant advantages thereof will be readily 
obtained as the same becomes better understood by reference to the following detailed description when considered 

in connection with.-the accompariying drawing, wherein:- . . / • • • V - • - 

a single figured a schematic cross sectional view of one embodlMifit'of an'oVtic^^^ fecordihg medium aocording 
to the present Invention, In explanation of the stmcture of layers for use In the recording medium. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0033] A four-component system compound of Ag, in, Te, and Sb is suitable for a recording material for use in a 
phase-change optical recording medium. This is because the above-mentioned recording material can readily assume 
an amorphous state with high sensitivity, thereby exhibiting excellent recording sensitivity and speed, and the recording 
material can readily assume a crystalline state with high sensitivity, thereby exhibiting excellent erasing sensitivity and 
speed. Further, In this case, the erasabillty Is quite satisfactory. The composition ratios of Ag, In, Sb, and Te worthy to 
obtain good disk characteristics are as previously mentioned. Namely, the phase-change recording material for use in 
the present invention comprises as constituent elements Ag. In, Sb, and Te. with the respective atomic percents of a, 
b, c, and d thereof being In the relationship of 0.1 s a 5 S b S 13, 62 ^ c S 73, 22 S d S 26, and a + b + c + d ^ 97! 
[0034] Altematively, the phase-change recording material comprises as constituent elements Ag, in, Sb, Te, and Ge, 
with the respecthfe atomic percents of a, b, c, d, and e thereof being In the relationship of 0.1 5 a s 5, 6 s b s 13, 62 S 
c S 73, 22 S d S 26, 0.3 S e S 3, and a + b + c + d + e ^ 97. 

[0035] For obtaining better recording and erasing characteristics, It is desirable that the atomic pensents of c and d 
of the elements Sb and Te satisfy the relationship of 88 < c + d < 97. 

[0038] In the phase-change optteal recording medium of the present Invention, the composition of the recording layer 
Is measured based on the emission spectroscopic analysis. In addition to the emission spectroscopic analysis, X-ray 
mteroanatysis, Rutherford back scattering, Auger electron spectroscopic analysis, and X-ray fluorescence analysis can 
be employed to measure the composition of the recording layer, in such a case, however, calibration is necessary with 
reference to the composition obtained by ttie emission spectroscopic analysis. 

[0037] The X-ray diffraction or electron diffraction Is appropriate for observing the condition of the recording layer. 
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Namely, when a spot pattern or Debye-Scherrer ring pattern Is observed In the recording layer by the electron diffraction, 
the recording layer is considered to assume a crystalline state; while a ring pattern or halo pattern is obsers^ed therein, 
the recording layer is considered to assume an amorphous state. The particle size of the crystallites for use In the 
recording layer can be obtained by calculation, for instance, in accordance with the Scherrer equation, from the width 
5 of a main peak obtained from the X-ray diffraction. To be more specific, the particle size of the crystallites can be 
obtained in accordance with the Scherrer equation, that is, B = b 4- (KX)/(Dcose), wherein B is the angle of diffracted 
light by scattering, b Is a value determined from an experiment, K is the Scherrer's constant, X Is the wavelength of X- 
ray used for diffraction, D is the particle size of crystallites, and 6 is the incident angle of X-ray applied to the surface 
of the crystallite. 

10 [0038] Further, the chemical bonding condition of the constituent elements in the recording layer, for example, the 
chemical bonding of an oxide or nitride existing in the recording layer can be efficiently analyzed by Fourier transform 
infrared spectroscopic analysis (FT-IR) or X-ray photoelectron spectrometry (XPS). 

[0039] The thickness of the recording layer deposited by use of the sputtering target of the present invention is 
preferably in the range of 10 to 50 nm, and more preferably In the range of 12 to 25 nm. When the thickness of the 
'5 recording layer is 1 0 nm or more, the light absorbing capability of the recording layer is sufficient. When the thickness 
of the recording layer is 50 nm or less, the phase change can unlfomnly and speedily take place in the recording layer. 
[0040] The sputtering target of the present invention comprises a target material comprising as constituent elements 
Ag, In, Sb, and Te, with the respective atomic percents (atom.%) of a, b, c, and d thereof being in the relationship of 
0.1 ^a^6, 45b^ 14, 61 <c$74, 21 <dS27, anda + b + c + d^97. 

. ^0 [0041 ] Alternatively, the sputtering target oif the present Invention compfiseis a target material comprising as cohstlt- 
"uent elements Ag, In, Sb, Te, and Ge, with the respective atomic percents (atom.%) pf a, b, c, d, and e therebt.belng 
in the relatlonshlp of 0:i S a ^ 6, 4 S b S 14, 61^ c ;S 74, 21 5 d k 28, 0.3 S e ^ 4. and a +,b + c +. d + e^ 97. ' 
i;0042] " It is preferable that the target materiai'for use in the ;aboye:menti6ned sputtering ^rget comprise Sb, and ' 
AglnTe2 with a stotehiometrtc composition ,and/ora nearly stpichipm cbrpposltion having a chalcppyrite structure 

\25 and/pr zincblende structure. When a thin recording layer Is depqsitied by sputtering by use of the aforementioned target, • 
and the deposited recording layer is then subjected to proper treatnient for iriitiallzation, a nhlxed phase of a crystalline 
phase of AgSbTe2 and an In-Sb amorphous phase can be obtained. This is reported in "Proceedings of the 3rd Sym- 
posium on Phase-Change Recording" p. 102 (1991), and "Japanese Journal of Applied Physics" vol. 32 (1993) pp. 
5241 - 5247. It is conventionally known that an optical recording medium with high erasabitity, capable of repeatedly 

30 carrying out the recording operation and the erasing operation by the applbation of a low power can be obtained when 
the above-mentioned mixed phase is provided as a non-recorded state of the recording layer. 
[0043] In the target material, it is preferable that the AglnTe2 in the form of crystallites have a particle size of less 
than 45 nm. 

[0044] The particle size of the AglnTes crystallites for use in the target material.can be determined by calculation, 

35 for Instance, in accordance with the Scherrer equation, from the width of a main peak obtained by the X-ray diffraction " 
of the pulverized parilcles of the target material. For instance, when Cu is employed for the source of X-ray and X is 
about 1 .54 A, the width of the nnaln peal< Is about 24.1*. It Is necessary that the width of the peak be corrected with 
reference to the main peak of a reference sample with a sufficiently large particle size. In the case where the AglnTe2 
crystallites have a particle size of 45 nm or more, it becomes difficult to pbtain such a conditipri. that pen ensure stable, 

40 recording and erasing even if proper treatment is taken after the thin recording layer is deposited. 

[0045] According to the present invention, the recording layer for the optteal recording medium can be formed ^y 
sputtering the previously mentioned target of the present Invention In an atmosphere of argon gas, with nitrogen gas 
being contained therein at a concentration in a range of 0 to 10 mol%. According to the concentration of the nitrogen 
gas In the atmosphere during the sputtering step, the composition of the obtained recording layer can be optimally 

45 adjusted so as to be fittest for the desired rotational linear speed of the disk, the structure of layers in the disk, and the 
operating conditions of the disk. By use of a mixed gas of nitrogen gas and argon gas in the course of sputtering, the 
recording and erasing repetition reliability of the obtained recording medium is improved. The mbced gas used in the 
sputtering step may be prepared by mixing nitrogen gas and argon gas at a predetennnined mixing ratio before intro- 
duced into a sputter chamber. Altemativeiy, the argon gas and the nitrogen gas are separately introduced Into the 

50 sputter chamber with the respective flow rates being controlled so as to obtain a desired molar ratio in the sputter 
chamber. 

[0046] When the content of nitrogen in the obtained recording layer is 4 atom.% or less, the disk characteristics of 
the obtained optical recording medium are excellent. To be more specific, not only the repetition number of overwriting 
(0/W) times can be Increased, but also the modulation degree and the shelf life of a recorded marie (amorphous marie) 
55 can be Improved. All the details of the mechanism resulting In such Improvement of the disk characteristics have not 
been clarified. It is considered that the addition of a proper amount of nitrogen to the recording layer decreases the 
density of the recording layer and increases minute voids, whereby the randomness of the recording layer tends to 
increase In terms of the configuration . As a result, the degree of order In the recording layer is moderated when com- 



5 




EP 1 158 506 A1 

pared with the case where no nitrogen Is added to the recording layer Therefore, the transition from the amorphous 
phase to the crystalline phase is apt to be restrained, so that the stability of the amorphous mark is increased and the 
shetf life of the amorphous mark is Improved. 

[0047] Furthermore, another advantage obtained by the addition of nitrogen to the recording layer is that the transition 

5 linear speed can be controlled. To be more specific, the optimum recording linear speed can be shifted to the lower 
linear speed side by the addition of nitrogen to the recording layer. Even though the composition of the target is identical, 
the optimum recording linear speed of the phase-change optical recording disk can be controlled simply by adjusting 
the mixing ratio of nitrogen gas In the N^/Ar gas Introduced Into the atmosphere during the sputtering step. 
[004B] With respect to the chemical bonding condition of nitrogen in the recording layer, It is desirable that nitrogen 

10 be chemically bonded to at least one of Ag, In, Te, or Sb. In particular, when nitrogen is bonded to Te, for example, in 
the fonn of a Te-N or Sb-Te-N bond In the recording layer, the repetition number of overwriting times can be effectively 
Increased. Such chemical bonding condition In the recording layer can be anatyzed by the FT-IR or XPS, as previously 
mentioned. For instance, a Te-N bond gives rise to peaks In the 500 to 600 cm'** region; and absorptions arising from 
an Sb-Te-N bond occur In the 600 to 650 cm**' region by the FT-IR analysis. 

1$ [0049] In the present Invention, the phase-change optical recording material may further comprise other elements 
and impurities for the purpose of still more improvement of the performance and increase of the reliability. For instance, 
elements as disclosed in Japanese Patent Application 4*1 4BB, that is, B, N, C, P, and Si; and other elements such as 
O, S, Se, Al, Tj, V, Mn, Fe, Co, Ni, Cu, Zn, Ga, Ge, Sh, Pd.'Pt, and Au-cah be given as preferable examples. In particular, . 
the addition of Ge to the recording layer produces the;effect of improving the storage reliability, of recorded signals and 
. 20 increasing the repetition number of ovenwriting timesi > r.^v =v v r::,; .? s.. .- .iV;. : ■■ 
- ,v[0050] The present Invention will now be explained in detail with, i^ferlence to the.sin^^ 

• : . [0051 1 . -This figure is a schematic cross-secllorial view showlng.one embodiment.of;the layer structure in the phase- - 
change optical recording medium according to the presefnt inyention: As shown In the figure, a first dielectric layer, 
(heat-resistant protective layer) 2, . a recording ilayer. 3, a.second die)ectr|p layer. (heatTresi^^^^ protective layer) 4, and 

25 a metal layer (reflection and heat dissipation layer) 5 are successh^ely overiaid on. a substrate 1 bearing a groove 
thereon. It is not always necessary to provide the first dielectric layer 2 and the second dielectric layer 4 on both sides . 
of the recording layer 3. However, It Is desirable to provide the first dielectric layer 2 when a material with low heat 
resistance, such as polycarisonate resin, is employed for the substrate 1 . 

[0052] In the present invention, glass, ceramics, and resins are used as the materials for the substrate 1 of the optical 
30 recording medium. In particular, the resin substrate is advantageous from the viewpoints of manufacturing cost and 
moldability. 

[0053] Examples of the resin as the material for the substrate 1 Include pblycarijonate resin, acrylic resin, epoxy 
. resin, polystyrene resin, acrylonitrile - styrene copolymer resin, polyethylene resin, polypropylene resin, silicone resin, 
.. f luorpplastics, ABS resin, and urethane resin. Of those resins, the polycarbonate re?in and tiie acrylic resin are suitable. 
35— for the substrate 1 because of their advantages of good processability and optical properties, the substrate may be' 
prepared In the fomn of a disk, card, or sheet. 

[0054] .When the phase-change optical recording medium of the present, Inyentlon Is applied to a rewritable compact . 
disk (CD-Rewritable), it is desirable that the substrate.ii beara.gulde groove with a width, that is, a half width of 0.25. 
to ,0.65. preferably 0.30 to 0.55 pjD, and a depth of 20 to 60 nm, preferably.25 to 50 nm. , . 
40 [0055] The combination of the above-mentioned condition of the substrate concerning the guide groove, the recording 
material with a specific composition, and the layer structure in a disk can provide a rewritable compact disk with excellent 
compatibility. 

[0056] More specifically, the push-pull magnitude after recording (PPm) Is prescribed as one of the significant groove 
signal characteristics by the reference for CD specifications, that is, Orange Book. According to the Orange Book, the 
45 push-pull magnitude after recording (PPm) of the compact disk is required to be in the range of 0.06 to 0.15, preferably 
0.08 to 0.14, and more preferably 0.08 to 0.12. 

[0057] it is very difficult for the conventional rewritable phase-change compact disk to both satisfy the principal re- 
cording and reading characteristics, and meet the above-mentioned standard requirements of the groove signal char- 
acteristics. A rewritable compact disk capable of satisfying all the practical requirements can be first realized by the 
so present invention. 

[0058] Specific examples of the material for use in the first and second dielectric layers 2 and 4 are metallic oxides 
such as SiO, SIO2, ZnO, SnOg, AI2O3, TiOg. IngOg, MgO, and ZrOg; nitrides such as SI3N4, AIN, TIN, BN, and ZrN; 
sulfides such as ZnS, IngSj, and TaS4; cart^ides such as SIC, TaC, B4C, WC, TiC, and ZrC; and carbon with a diamond 
structure. The dielectric layer 2 or 4 can be prepared by use of a single material or a mixture of these materials. Further, 
S5 the dielectric layer 2 or 3 may further comprise an impurity, when necessary, as long as the melting points of the first 
and second dielectric layers 2 and 4 are higher than that of the recording layer 3. 

[0059] The first and second dielectric layers 2 and 4 for use in the present invention can be provided by various 
vapor growth methods, for example, vacuum deposition, sputtering, plasma chemical vapor deposition, photochemical 
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vaf)or deposition, ion plating, and electron beam deposition method. 

[0060] It is preferable that the thickness of the first dielectric layer 2 be in the range of 20 to 200 nm, and more 
preferably in the range of 30 to 120 nm. When the thickness of the first dielectric layer 2 Is 20 nm or more, the first 
dielectric layer 2 can fulfil its function to work as a heat-resistant protective layer. In addition* when the first dieie^ric 

5 layer 2 has a thickness of 200 nm or less, a decrease in sensitivity can be prevented, and the peeling of the dielectric 
layer 2 does not easily take place. When necessary, the first dielectric layer 2 may be of a multi-layered type. 
[0061] it is preferable that the thickness of the second dielectric layer 4 be in the range of 1 5 to 40 nm, and more 
preferably in the range of 20 to 35 nm. When the thickness of the second dielectric layer 4 is 1 5 nm or more, the second 
dielectric layer 4 can fulfil Its function to serve as a heat-resistant protective layer. In addition, when the second dielectric 

10 layer 4 has a thickness of 40 nm or less, the peeling can be prevented and the repetition recording properties do not 
decrease. The second dielectric layer 4 may also be of a multi-layered type. 

[0062] Specific examples of the material for the metal layer 5 (reflection and heat dissipation layer) include metals 
such as Al, Au, Ag, and Cu; and alloys thereof. In particular, At alloys, and Ag and Ag alloys are especially advantageous 
in terms of the cost and the environmental resistance. With respect to the Al alloy, it is preferable that Al alloy comprise 
. r-y IS Al and at least one element selected from the group consisting of Ta, Ti, Cr, and Si in an amount of 0.3 to 2.5 wt.%. - 
When the metal layer 5 Is made of Ag or an Ag alloy, it Is effective that the Ag alloy comprise at least one element 
. ,1:. selected from the group consisting of Au, Pt, Pd, Ru, Tt, and Cu in an amount of 4 wt% or less.- = 

[0063] The metal layer 5 can be provided by various kinds of vapor growth methods such as vacuum deposition, 
-;. . I sputtering, pjasma chemical vapor deposltioh; photochemical vapor deposition, ion-plating, and electron beam depo- 

A ■<.2fl^^.-'sition method, , • - I- - J - - M . - . v-:..;y^;c;: r:; • .. ^ 

"r. : : [0064] The metal layer 5 is required to effectively allow heat to escape. In view of this point, It is preferable that the • 
T> -.-K' ' - .( thickness of the metal layer5 be in the range of 50 to 200 nm, iand rhbre preferably in the range of 70 to 1 80 nrn. When 
the metal layer 5 is excessively thick, the heat dissipating efficiency becomes too high to maintain good sensitivity. 
4^yyhen.the thickness of thernetai layer S Is less thati 50 nm, the repetition overwriting plopertiesrare-degra^ alfhoUgih ^ 
'the serisltivity is satisfactory. In addition,' the rhetial layers Is required to have a high thermal conductivity, high hrieflting- 
• point, and good adhesion to the" dielectric layer. 
. . [0065] On the metal layer, an overcoat layer may be provided to protect the metal layer from oxidation. To provide 

such an overcoat layer, an ultraviolet-curing resin is preferably spin-coated on the metal layer. It is preferable that the 
thickness of the overcoat layer be in the range of 3 to 15 jim. When the thickness is 3 p.m or more, occurrence of error 
30 can be reduced even If a printing layer Is further overiaid on the overcoat layer. On the other hand, when the thickness 
is 1 5 (im or less, an increase in internal stress can be prevented; so that no adverse effect is produced on the mechanical 
characteristics of the obtained disk. 

[0066] As the electro-magnetic waves used for Initializing the obtained recording layer, and carrying out the recording, 
, ... reading, and, er:as^^^ operations, there can be employed laser beams, ultraviolet rays, visible rays, infrared rays, mir. 
• 35 . crowave, and the like. In particular,* semicohductbr laserT)e^ advantageously used as the electro-magnetic-' 

wave in the recording, reading, and erasing operations because a system for driving the optical recording medium can 

= [0067] Other features of this invention will become apparent in the course of the following description of exemplary 
L -7 J.: Jk.etrihodifnents which are given for illustration of the invention and are not intended to be limiting thereof. . - . ; 



25 ' 



40 



Examples 1 to 10 and Comparative Examples 1 to 7 



[0068] An 80-nm thick first dielectric layer of ZnS-SiO^ was provided on a polycarbonate substrate with a thickness 
of 1 .2 mm bearing thereon a guide groove having a width of 0.6 \im, a depth of 40 nm, and a track pitch of 1 .6 p.m. 
45 [0069] On the first dielectric layer, a recording layer with a thickness of 1 B nm was deposited using a sputtering target 
with a composition as shown in TABLE 1. 

[0070] Further, a 32-nm thtek second dielectric layer of ZnS-Si02, a 1 60-nm thick metal layer made of an aluminum 
alloy comprising TI In an amount of 1 .5 wt.%, and a 1 0iim thk:k ultraviolet-curing resin layer were successively overiaid 
on the recording layer In this order. 
50 [0071 ] TABLE 1 shows the composition of the sputtering target for fabricating each recording layer, and the compo- 
sition of the obtained recording layer. 

[0072] The recording layer was deposited on the first dielectric layer by sputtering under such conditions that the 
applied pressure was adjusted to 3 x -IO'^ Torr during the sputtering process, and the RF power was set at 500 W, with 
argon gas being introduced into a sputter chamber at a rate of 1 0 seem (standard cubic centimeter per minute). 
55 [0073] Thus, disk-shaped optical recording media Nos. 1 to 10 according to the present invention and comparative 
disk-shaped optical recording media Nos. 1 to 7 were fabricated. 

[0074] The disk characteristics of each of the above-mentioned phase-change optical recording media Nos. 1 to 1 0 
according to the present Inventk>n and comparative phase-change optical recording media Nos. 1 to 7 were evaluated 
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as follows. 

[0075] Recording was carried out by rotating each disk at an optimal linear speed within the range of 4 to 20 m/sec. 
The signals were modulated In accordance with an Eight to Fourteen Modulation (EFM) system, and miilti-pulse pat- 
terns were employed when the disk was Irradiated with a semiconductor laser beam, The wavelength of the semlcon- 
5 ductor laser beam was 780 nm, and the numerical aperture (NA) value of the objecthfe lens was 0.5. 

[0076] Aftercompletion of the recording, the reflectance of the recorded portion was measured. Further, the repetition 
number of ovenwriting times was counted. The results are also shown in TABLE 1 . In TABLE 1 , V is the symbol 
Indicating that data was written once, but it was Impossible to overwrite the data. 
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[0077] As is apparent from TABLE 1 , when the composition ratios of Ag, In, Sb. Te, and Ge, respectively indicated 
by a, b, c, d. and e, satisfy the conditions of 0.1 £ a S 5, 5 S b S 1 3, 62 S c S 73, 22 S d ^ 26, and 0.3 < e 5 3 in terms 
of the atomic percentage, excellent disk characteristics can be obtained. In particular, when 88 < (c + d) < 97, sufficient 
reflectance can be obtained. 

5 [0078] In contrast to this, the reflectances are as low as 14% or less In Comparative Examples 3 and 5. This is 
because the sum of the composition ratios of Sb and Te is 88 atom.% or less. In this case, the compatibility of the disk 
with a CD-ROM drive is lowered in the reading operation. Further, the recording characteristics are also lowered during 
the repetition of the recording operations. On the other hand, when the sum of the composition ratios of Sb and Te 
exceeds 97 atom ,% In the recording layer as In Comparative Example 2, the reflectance becomes too high to gain an 

10 ample signal amplitude. The result is that the error occurrence ratio tends to increase In the reading operation. Fur- 
thermore, im Comparative Examples 6 and 7, the ovenwriting operation is impossible at a linear speed of 4 m/sec or 
more. 

[0079] Each sputtering target for fabricating the recording layer employed in Examples 1 to 10 and Comparative 
Examples 1 to 7 was produced by fusing the constituent elements to prepare a fused mixture, rapidly cooling the fused 
IS mixture to prepare a solid lump, puh^erizlng the solid lump to prepare finely-dh^Wed particles, and sintering the finely- 
divided particles. 

Example 1 1 

20 [0080] The procedure for fabricating the disk-shaped optical recording medium No. 2 in Example 2 was repeated 
except that the argon gas containing a nitrogen gas at a concentration of 6.0. 10.0, or 1 5.0 mol% was introduced Into 
the sputter chamber when the recording layer was deposited on the first dielectric layer by sputtering. 
[0081] Thus, disk-shaped optical recording media according to the present Invention were fabricated. 
[0082] TABLE 2 shows the composition. of each of the thus obtained recording layers In tenrhs of the atomic percents 

25 ■ of constituent elements. ... 

[0083] In the same manner as in Example 1 , the repetition number of overwriting times was counted. 
[0084] The results are also shown in TABLE 2. 



TABLE 2 



Ng/CAr+Na) (mol%) 


Composition of Recording Layer (atom.%) 


Repetition Number of 0/W Times 


Ag 


In 


Sb 


Te 


N 


0 


2.1 


6.9 


67.1 


23.9 


0 


3500 


jS.p 


1? 


6.6 .^^ 


66.3 


.23.4 




^ 5000 . j^ -;^ 


10.0 


1.5 


6.4 


65.2 


22.9 


4.0 


6000 


15.0 


1.4 


6.3 


64.7 


22.6 


5.0 


500 



[0085] As can be seen from the results In TABLE 2, when the concentration of nitrogen In the mixed gas Is adjusted 
to 10 mol% or less, the maximum number of repeated overwriting operations is satisfactory. 

Examples 12 to 29 

[0086] The procedure for fabricating the disk-shaped optical recording medium No. 1 In Example 1 was repeated 
except that the provision of the U V-curing resin layer was omitted and that the material for the metal layer was changed 
as shown in TABLE 3. 

[0087] Thus, disk-shaped optteal reconiing media No. 1 2 to No. 29 according to the present inventten were fabricated. 



TABLE 3 





Composition of Metal Layer (ratio by weight) 


Reflectance (%) 


Repetition Number of 0/W Times 


Ex.12 


Algg.s'^o.s 


19 


2000 


Ex.13 


AW .5*^2.5 


17 


3000 


Ex.14 


Atss^Tai^ 


18 


3000 


Ex.15 


Al98.5Cri5 . 


17 


2500 
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TABLE 3 ( 


continued) 




Composition of Metal Layer (ratio by weight) 


Reflectance (%) 


Repetition Number of O/W Trmes 


Ex.16 




19 


1500 


Ex.17 


'^'98.5^1.0^^5 


18 


3000 


Ex.18 




20 


3000 


Ex.19 


AggaPda 


IB 


4000 


Ex. 20 


AgggCua 


19 


3000 


Ex.21 


AgggAua 


19 


5000 


Ex.22 


AggePtg 


19 


4000 


Ex.23 


Ag96P<^2CU2 


17 


3000 


Ex.24 


AgggRua 


18 


;,4000 


Ex. 25 


AgggTla 


- 19 • : - 


. : -.:5000 . 


Ex. 26' 


AlggTis 


'•14; 




Ex. 27 






100,.- • 


Ex. 28 


• Ajgs^CUi^ 


' 14' 


- ^■300 • - - • • 


EX..29. 


Ag94Pd6 . : ; 7 ; • " " 


13.:.: - - 





'y*:^- = . [0088] As can bee seen from TABLE 3,'it Is-preferable that the memi layer comprise, an* Al alloy cbnt^^ at least 

'! • .'. ' J . one element selected from the group consisting of Ta, Ti, Cr, and Si, in an amount of 0.3 to 2.5 wt.%. Or, Ag or an alloy 

• - thereof containing at least one element selected from the group consisting of Au, Pt, Pd, Ru^ Ti, and Cu, in an amount 

of 4 wt.% or less is preferably employed for the metal layer. In both cases, the overwriting characteristics are excellent. 

[0089] In contrastto this, a decrease in reflectance is observed in Examples 26, 26 and 29. The reflectances obtained 
^ in Examples 26. 28, and 29 do not satisfy the standard requirement for the CD-Rewritabie, that is, in a range of 1 5 to 

25%. « • . 

[0090] Each of the recording dlslcs Nos. 1 2 to 29 was allowed to stand at BO^C and 85%RH for 300 hours. Though 
the recording distc No. 27 shows an increase In error occurrence during the ovenwriting operation after the storage, the 
j ..storage stability of other dislcs was quite satisfactory. = . . 



1. An optical recording medium comprising a recording layer which comprises a phase-ichange recording material, 
' capable of recording and erasing infonnation by utilizing changes in the phase of said phase-change recording 
material in said recording layer, said phase-change recording material comprising as constituent eiemerits Ag, In. 
Sb, and Te with the respective atomic percents of a, b, c, and d thereof being in the relationship of: 

0.1 ^ a ^ 5, 



5^b^13. 



62 £ c ^ 73, 



50 



22 2 d ^ 26, 



55 



and 
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An optical recording medium comprising a recording layer which comprises a phase-change recording material, 
capable of recording and erasing information by utilizing changes in the phase of said phase-change recording 
material in said recording layer, said phase-change recording material comprising as constituent elements Ag, In, 
Sb, Te, and Ge. with the respective atomic percents of a, b, c, d, and e thereof being in the relationship of: 

0.1 ^ a ^ 5, 



5^b^ 13, 



62 ^ C ^ 73, 



22 ^ d ^ 26, 



9,3 ^ e ^ 3, 

a + b + c + d + e ^ 97. 

The optical recording medium of claim 1 or 2, further comprising: 

a substrate in the fomn of a disic, 

a first dielectric layer which Is provided on said substrate and below said recording layer, 

a second dielectric layer which is provided on said recording layer, 

a metal layer which is provided on said second dielectric layer, and 

a UV-curlng resin layer which is provided on said metal layer. . ^ 

The optical recording medium of claim 3, wherein said first dielectric layer has a thickness in a range of 20 to 200 
nm, skid recording layer has a thickness in a range of 10 to 50 nm. said second dielectric layer ha^ a thickness in 
a range of 15 to 40 nm, and said metal layer has a thickness in a range of 50 to 200 nm. . 

The optical recording medium of any one of claims 1 -4, wherein said atomic percents c and d of said elements Sb 
and Te satisfy the relationship of 88 < c + d < 97. 

The optical recording medium of any one of claims 3-5, wherein said metal layer comprises an Al atloy comprising 
Al and at least one element selected from Ta, Ti, Cr, and Si in an amount of 0.3 to 2.5 wt.%. 

The optical recording medium of any one of claims 3-5. wherein said metal layer comprises Ag and at least one 
element selected from Au, Pt, Pd, Ru. Tl, and Cu in an amount of 0 to 4 wL%. 

A sputtering target comprising a target material comprising as constituent elements Ag, In, Sb, and Te, with the 
respective atomic percents (atom.%) of a, b, c, and d thereof being In the relationship of: 

0.1 ^ a ^ 6, 



4^b^14, 



12 



and 



10 
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61 S c S 74. 

21 ^ d ^ 27. 
a-(-b4-c + d^97. 

9. A sputtering target comprising a target material comprising as constituent elements Ag,, In, Sb, Te, and Ge, with 
the respective atomic percents (atom.%) of a, b, c, d, and e thereof being In the relationship of: 

*' ■ 0.1 5aS6. 

4SbSl4. 
61^0 5 74, ' 



30 and 



21 SdS28.^ 



0.3 £ e ^ 4, 



a + b + c + d + e^97. 



35 • 10. The sputtering target of claim 8 or 9. wherein said atomic percents c and d of said elements Sb and Te satisfy the- 
relationship of 88 < c + d < 97. 



4S 



50 



55 
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